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Abstract  As an important software capability, software traceability aims to capture, link and
trace each crucial software artifact via constructing the traceability links between them. The stud-
y of software traceability covers many aspects, including traceability modelling, traceability as-
sessment and traceability implementation. Traceability links interconnect software artifacts with
each other and use the resulting associative networks to resolve issues with software products and
their development processes. Traceability links provide critical support for many software engi-
neering activities, including impact analysis, software verification, test case selection, compli-
ance verification, system security assurance and defect detection. Traceability links refer to a spe-
cific relationship between a pair of software artifacts, one of which is the source artifact and the
other is the target artifact. They records various relationships between software artifacts such as
dependencies, influences, and causal relationships. The direction of traceability links can be one-

way or two-way. Various traceability links can help software developers to understand, develop
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and manage systems both efficiently and effectively. At the same time, traceability links can help
people involved in all phases of software development activities to accomplish their development
tasks. Requirements traceability links, as the most widely used traceability links, enable the con-
struction and maintenance of traceability links between requirements and other software artifacts.
Moreover, traceability links also include the establishment of links between code and tests, de-
sign and code, models and code, defects and code, and so on. In recent years, the creation, ma-
intenance and validation of traceability links with information retrieval, natural language process-
ing, machine learning, and deep learning can reduce the manual handling cost of traceability links
by developers, and therefore have received extensive attentions {rom academia and industry.
There are also some works reviewing software traceability links approaches and techniques. In
this paper, we focus on the automation techniques of the creation, maintenance and validation of
traceability links so as to sort out and summarize the research progress in the past ten years. The
main content includes the statistics and analysis of approaches and techniques for automated crea-
tion, maintenance and validation of traceability links, the application research of traceability
links, the state-of-the-art traceability links related evaluation research and tools support, and the
key problems of the current traceability links techniques. The problems are summarized {rom the
technical difficulties around seventh parts: the complexity of the tracing software, the granularity
problem, the unsatisfying accuracy, the type limitation, the validation efficiency, the application
scale and time, and the incomprehensive evaluation of traceability links. . Besides, several possi-
ble solution ideas and future development trends of the problems are elaborated, including the
construction of horizontal traceability links between software artifacts, the scalable and configu-
rable automation techniques of traceability links, the integration of traditional approaches with
artificial intelligence techniques, the creation of multiple types of traceability links using interme-
diary artifacts, the interactive verification of traceability links, the real-time retrieval of traceabil-
ity links and open sourcing of related source codes. This review also reveals that: (1) The crea-
tion of traceability links has received a lot of academic attentions, but the research on the mainte-
nance, verification, and application of traceability links needs more attention; (2) Requirements-
to-code links are the most concerned type of researchers, followed by requirements-to-design and
design-to-code, while other traceability links such as code/data-to-model and screenshot-to-defect
are also starting to enter the vision of researchers; (3) With the continuous development of artifi-
cial intelligence (AI), Al-based techniques such as Naive Bayes, SVM, Bert, Doc2Vec, RNN
have been widely used in the creation, maintenance and verification of traceability links; (4) In
the creation of traceability links, it is difficult to achieve good results by relying only on informa-
tion retrieval and artificial intelligence techniques. Information retrieval, machine learning or deep learn-
ing techniques should be combined with traditional heuristics, model-based methods and so on, to make
up for the deficiencies in Al technologies and traditional methods to further improve the quality of tracea-
bility links; (5) Research on traceability links automation techniques in complex environments, cross-

platform and cross-language should be on the agenda in the future.
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1 38 A AR D R AN AR R T B i B B
Nishikawa % A" # i —Fl 3k T VSM # CLM J5
s T LA A g 4 308 T 1 o 22 R) R B L A0 TR
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SEH AR ARG AR PERE. Guo A K VSM 5
— T 4RI 1 B AL Y RE BRI 9 % D U7 28 DoCIT AH 45
B S B R 0 R 4 2 26 0.
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bor) .SVM(Support Vector Machine) ' 22 Il if
Hr A LT ML 5 i 00 O Ak i T R g
B A GBS ] RN 7 A

K FHMLAS 27 ] 5 i ) e R i i 00 o 6 455 DA By
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A 25 T il it 22 8] A7 A i 4 1 ME A HEF- ARG BE 4R s
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R TR G — 1 2 A R A B @ AL, Lohar
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J2 AR I 2 0 22 AL AR AN T 93 55 5T 3R i R B 1
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Ty 3 P EERZ R AE RO LA K 3 TR e AR
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Falessi 88 A7 2 7 — B 0 A2 e B2 B0 AL 7 vk
DL W B B i 1) % o 340 3R 22 /0 i 2 R UL A
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B .25). Gervasi 2 AU R — R 3L T 2R ARG R
FI 35 oK BRI 7 1 38 3k ) — X R o 22 6] 9 2
J7 5 T 35333 26 R 35 78 AH B OG5 75 5K o th B Ay mT
RETE.

Ja & T SRR R 2 AL ) B R .
01 Dagenais % N 48 1 T — Bl & sk 0T LA
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Background

As an important software capability, software traceabili-
ty aims to capture, link and trace each crucial software arti-
fact and construct the traceability links between them. In
concrete practice, software traceability is usually realized
through traceability links. Traceability links refer to a specif-
ic relationship between a pair of software artifacts, one of
which is the source artifact and the other is the target arti-
fact. They records various dependencies, influences, causal
relationships, etc. The direction of traceability links can be
one-way or two-way. Most of the current research on soft-
ware traceability focuses on traceability links, mainly because
various traceability links can help software developers to un-
derstand, develop efficiently, and manage the system effec-
tively. At the same time, traceability links can help people
involved in all phases of software development activities to
accomplish their development tasks.

A large number of researchers have proposed many
techniques and approaches for the creation, maintenance,
validation and application of traceability links. For example,
natural language processing-based approaches, information
retrieval-based approaches, machine learning-based approa-
ches, deep learning-based approaches, etc. This paper is a
systematic review on software traceability links approaches
and techniques, which is mainly supported by Zhejiang Pro-

vincial Natural Science Foundation Project. The work of this

based on product release history//Proceedings of the Inter-
national Conference on Software Maintenance. Montpellier,

France, 1998:190-198
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paper benefits from the research experiences of the NSFC
Project and Zhejiang Provincial Natural Science Foundation
Project hosted by the author in recent years. All projects
have focused on the following areas of research: intelligent
software engineering and requirements engineering.

In this paper, we focus on automatic approaches to
traceability links creation, maintenance, validation and appli-
cation so as to sort out and summarize the research progress
in the past ten years. The main content includes: 1) the sta-
tistics and analysis of approaches and techniques for creation,
maintenance and validation of traceability links, 2) the appli-
cation research of traceability links, 3) the state-of-the-art
traceability links related tools, datasets and evaluation met-
rics» and 4) the key problems of the current traceability links
techniques are summarized from the technical difficulties,
and the possible solution ideas and future development trends
of the problems are elaborated around seventh parts: the
complexity of tracing software, the granularity problem, the
unsatisfying accuracy, the type limitation, the validation effi-
ciency, the application scale and time, and the incomprehen-
sive evaluation of traceability links.

This paper summarizes several key issues and proposes
solutions after reading and researching, which can help the
reader to better understand the shortcomings and future

trends in this field and generate thoughts accordingly.



